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Content-ELECTRICITY AND MAGNETISM 

1. Electrostatics………………………………………………………………………… (1-58) 

1.1 Coulomb’s Law and Superposition Principle 

 1.1.1 Electric field 

1.2 Gauss’s law 

 1.2.1 Field lines and Electric flux 

 1.2.2 Applications 

1.3 Electric Potential 

 1.3.1 Curl of Electric field 

 1.3.2 Potential of localized charges 

1.4 Laplace’s and Poisson Equations 

1.5 Electrostatic Boundary Condition 

1.6 Work and Energy in Electrostatics 

 1.6.1 The Energy of point charge distribution 

 1.6.2 Energy of Continuous charge distribution 

1.7 Basic Properties of Conductors 

1.8 Multipole Expansions 

 1.8.1 The Electric Potential and Field of a Dipole 

 1.8.2 Approximate Potential at large distances 

1.9 Polarization 

  1.9.1 The Field of a Polarized Object (Bound Charges) 

            1.10 The Electric Displacement 

 1.10.1 Gauss Law in the Presence of Dielectrics 

 1.10.2 Linear Dielectrics (Susceptibility, Permittivity, Dielectric Constant) 

 1.10.3 Boundary Condition 

 1.10.4 Energy in Dielectric System 

1.11 Image Problems 

 1.11.1 The Classic Image Problem 

 1.11.2 Induced Surface Charge 
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 1.11.3 Force and Energy 

 1.11.4 Other Image Problem 

Questions & Solutions 

2. Magnetostatic………………………………………………………………………….(59-87) 

2.1 Magnetic Force on Current Element 

 2.1.1 Current in a Wire 

 2.1.2 Surface Current Density 

 2.1.3 Volume Current Density 

2.2 Continuity Equation 

2.3 Biot-Savart Law 

 2.3.1 Magnetic field due to wire 

 2.3.2 Magnetic field due to Solenoid and Toroid 

2.4 Ampere's Law 

2.5 Magnetic Vector Potential 

2.6 Magnetostatic Boundary Condition 

2.7 Multipole Expansion of Vector Potential 

2.8 Magnetisation 

 2.8.1 The Field of a magnetized Object (Bound Currents) 

2.9 The Auxiliary field H 

 2.9.1 Ampere’s Law in in presence of Magnetic Materials 

 2.9.2 Magnetic Susceptibility and Permeability 

 2.9.3 Boundary Condition 

Questions & Solutions 

3. Dynamics of Charged Particles in Static and Uniform Electromagnetic Fields…..(88-99) 

3.1 Charged Particle in Static Electric Field 

 3.1.1 Charged Particle enters in the direction of field (Linear motion) 

 3.1.2 Charged Particle enters in the direction perpendicular to field  

          (Parabolic motion) 

3.2 Charged Particle in Static Magnetic Field 
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 3.2.1 Charged Particle enters in the direction perpendicular to field 

          (Circular motion) 

 3.2.2 Charged Particle enters in the direction making an angle with the field 

          (Helical motion) 

3.3 Charged Particle in Uniform Electric and Magnetic Field (Cycloid motion) 

Questions & Solutions 

4. Electromagnetic Induction…………………………….……………………………(100-112) 

4.1 Faraday’s Law 

 4.1.1 Lenz’s Law 

 4.1.2 Inductance 

 4.1.3 Energy Stored in the field 

Questions & Solutions 

5. Maxwell's Equations…………………………….………………………………….(113-121) 

5.1 Maxwell’s Equation in Free Space 

 5.1.1 Electrodynamics before Maxwell’s 

 5.1.2 How Maxwell fixed Ampere’s Law 

 5.1.3 Paradox of Charging Capacitor 

 5.1.4 Maxwell’s Equation in Free Space 

5.2 Maxwell’s Equation in Linear Isotropic Media 

5.3 Boundary Conditions on the Fields at Interfaces 

Questions & Solutions 

6. Electromagnetic Waves…………………………….………………………………(122-146) 

6.1 Poynting Theorem 

6.2 Waves in One Dimension (Sinusoidal waves)  

 6.2.1 The Wave Equation 

 6.2.2 Terminology 

 6.2.3 Complex notation 

                    6.2.4 Polarization 

6.3 Electromagnetic Waves in Vacuum 
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 6.3.1 The Wave Equation for E and B 

 6.3.2 Monochromatic Plane Waves 

 6.3.3 Energy and Momentum in Electromagnetic Wave 

6.4 Electromagnetic Waves in Matter 

6.5 Electromagnetic Waves in Conductors 

Questions & Solutions 

7.  Applications of Electromagnetic waves…………………………………………..(147-159) 

7.1 Reflection and Refraction at Dielectric Interface 

 7.1.1 Normal incidence 

 7.1.2 Oblique incidence 

 7.1.3 Fresnel’s relation (Parallel and Perpendicular Polarization) 

7.2 Reflection at Conducting Surface 

Questions & Solutions 

8. Potential and field formulation for time varying fields…………………………..(160-162) 

8.1 Scalar and vector potentials 

9. Simple AC circuits with R, L and C components………………………………...(163-213) 

9.1 Kirchhoff’s Law 

 9.1.1 Kirchhoff’s Voltage Law (KVL)  

 9.1.2 Kirchhoff’s Current Law (KCL)  

 9.1.3 Mesh Current 

9.2 Alternating Current 

 9.2.1 Sine Wave 

 9.2.2 Alternating Current 

 9.2.3 Frequency and Period 

 9.2.4 Phase Relationships 

 9.2.5 Phasors 

 9.2.6 Characteristic Value of Voltage and Current 

 9.2.7 Resistance in AC Circuits 

9.3 Inductive Circuits 
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 9.3.1 Introduction 

 9.3.2 Inductive Reactance 

 9.3.3 Inductors in Series or Parallel 

 9.3.4 Inductive Circuits 

  9.3.4.1 Inductance Only 

  9.3.4.2 RL in Series 

  9.3.4.3 RL in Parallel 

  9.3.4.4 Q of a Coil 

  9.3.4.5 Power in RL Circuits 

 9.3.5 Q of a Coil 

 9.3.6 Power in RL Circuit 

9.4 Capacitive Circuits 

 9.4.1 Capacitance 

 9.4.2 Capacitive Reactance 

 9.4.3 Capacitors in Series or Parallel 

 9.4.4 Capacitive Circuits 

  9.4.4.1 Capacitance Only 

  9.4.4.2 RC in Series 

  9.4.4.3 RC in Parallel 

  9.4.4.5 Power in RC Circuits 

9.5 Single Phase Circuits 

 9.5.1 RLC in Series 

  9.5.1.1 Impedance in Series RLC 

 9.5.2 RLC in Parallel 

  9.5.2.1 Impedance in Parallel RLC 

 9.5.3 RL and RC in Parallel 

 9.5.4 Power and Power Factor 

9.6 Series and Parallel Resonance 

 9.6.1 Series Resonance 
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  9.6.1.1 Q of Series Circuit 

 9.6.2 Parallel Resonance 

  9.6.2.1 Pure Parallel LC circuit 

  9.6.2.2 Practical Parallel LC Circuit 

  9.6.2.3 Q of Parallel Circuit 

 9.6.3 Bandwidth and Power of Resonant Circuit 

Questions & Solutions 

10. Simple DC circuits with R, L and C components……………………………….(214-230) 

10. Circuit Analysis by Classical Method 

 10.1 Introduction 

 10.2 Differential Equations 

  10.2.1 Type I-(First order Homogeneous Differential Equation) 

  10.2.2 Type II-(First order Non Homogeneous Differential Equation) 

 10.3 Initial Conditions in Circuits 

 10.4 Transient Response of Series R-L Circuit having DC Excitation 

 10.5 Transient Response of Series R-C Circuit having DC Excitation 

 10.6 Transient Response of Series RLC Circuit having DC Excitation 

 10.7 Transient Response of Parallel RLC Circuit having DC Excitation 

Questions & Solutions 
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